With the collaboration of Italian centres providing services on natural family planning, a prospective study collected data on 2755 menstrual cycles of 193 women. A database was constructed using information on the daily characteristics of cervical mucus and episodes of intercourse. Taking the day of peak mucus as a conventional marker of ovulation, the database identified the length (12 days) and location of a 'window' of potential fertility, the highest level of conception probability being confined to the central five to six days. Univariate analysis provided evidence of the impact on fecundability of the woman's age and the basic infertile pattern of a cycle. Several analytical approaches highlighted the relationship between daily mucus characteristics and levels of fecundability.
Introduction
Natural regulation of fertility implies the possibility of making predictions on the fertile phase in a woman's menstrual cycle. For this purpose, the main approach relies on indicators which are easy to use in the home environment, such as cycle calendar, basal body temperature (BBT) and cervical mucus symptom (CMS). The pattern of both BBT and CMS depends on the balance of hormonal situations in the cycle and allows, through appropriate evaluations, to identify a reference day that may be taken as a surrogate evidence of the day of ovulation. Time scaling the days with intercourse in a cycle to that reference day, uniformly determined in all cycles, allows to identify levels of daily fecundability, defined as the probability of conception for a single day as a result of coitus on that day alone. In a set of cycles, the conception event becomes the outcome of repeated trials of a Bernoulli variable.
In a pioneering study, Barrett and Marshall, 1 following a suggestion of Peter Armitage, applied a quantal regression approach to a set of cycles for which the needed information on intercourse episodes and BBT was available. They hence estimated the pattern of daily fecundability in a window of days with non-null probability of conception around the surrogate marker.
The model they used relied on two strong assumptions that the probability of conception on a precisely and uniformly identified day is constant over all cycles of a woman and for all women and that batches of sperm depending on multiple intercourse acts in a cycle run independently in the process leading to the fertilization of the ovule.
The Barrett and Marshall model was integrated by Schwartz et al., 2 who added a multiplier meant to accommodate to the impact on conception of biological phenomena beyond intercourse behaviour, such as the presence of a viable ovule in a cycle. This fundamental model was later enriched by several authors in order to take into account the covariate effects on both the aforementioned multiplier 3 and the daily probability of fertilization 4 and also to incorporate heterogeneity among couples in the multiplier 5, 6 and to consider possible errors in the surrogate marker of ovulation. 7, 8 Along this line, a parametric version of the Schwartz model, assuming distributions for the survival time of sperm and egg, has been advanced by Royston. 9 A further development has been provided by a Bayesian hierarchical approach including both day-specific covariates and woman-specific heterogeneity. 10, 11 An approximation to the estimates obtained through the model of Schwartz et al. can be obtained by another approach, assuming that when there are multiple days with intercourse in a cycle, conception depends only on the one with highest fertility. 12 An important day-specific covariate is the daily expression of the CMS, which might be relevant not only for the estimation of daily conception probabilities but also for diagnoses of physio-pathologic conditions, for instance a polycystic syndrome.
This article presents initial results from a new database, collected with the collaboration of centres providing instruction on the use of a so-called 'ovulation method' of natural family planning: a method which relies only on observations and interpretation of the CMS. Four Italian centres, all adopting the billings ovulation method, collected the necessary data in 1993-97, applying uniform procedures in teaching, practical applications, linguistic descriptions and conventions, for homogeneity of record keeping. In addition, couples were prepared to give careful, constant attention to CMS signs throughout the menstrual cycle, resulting in very few days with missing data and greater homogeneity in trajectories of mucus symptoms across cycles.
One of the main aims of this exercise is to perform an exploratory analysis of the relationship between the CMS and daily fecundability by taking advantage of this newly constructed database.
Materials and methods

Short description of the billings ovulation method
The Billings ovulation method 13 relies on daily observations of the CMS throughout the cycle, that is, on the characteristics of the mucus as it appears at the vagina and assessment of the associated sensation produced at the level of the vulva. In describing their observations, women make use of words which seem appropriate to them but which are also understandable to their natural family planning teacher. Their interpretation of the CMS is usually recorded on a chart adopting descriptive adjectives, conventional signs or coloured stickers, and the estimated day of the 'peak symptom' (the last day of fluid mucus and/or wet-slippery sensation) is recorded. In the present study, the descriptions of mucus were assigned numerical codes to facilitate analysis. The observations allow the determination of the fertile phase, during which intercourse could result in pregnancy, and the infertile pre-and post-ovulatory phases in each cycle. That is, the method divides a cycle into sections. The days of menses are considered potentially fertile, as it is not possible to identify the CMS. After this period, an infertile pre-ovulatory phase may occur.
The characteristics of the CMS are not, in general, identical for all women. Two socalled basic infertile patterns (BIPs) may occur during the days following the period. The most common is a sensation of dryness and the absence of mucus. This pattern can usually be identified by women already from their first cycle of observation (dry BIP). The second pattern is characterized by a sensation of dampness and/or continuous mucus discharge: it is identified as an unchanging mucus pattern (u.m. BIP). In this case, the characteristics of sensation, appearance and consistency of the discharge remain unchanged day after day, cycle after cycle. A suitable number of cycles (generally three) are required to learn how to recognize this BIP. At any time, the characteristics of the CMS become different from those typical for a specific BIP, a fertile phase is considered to begin.
The symptom of the mucus peak is a crucial indicator for the method. The four Italian sample centres agreed upon the following conventional definition of the peak mucus day:
The last day of the cycle during which at least one characteristic of high fertility in mucus type is observed or felt, considering as characteristics of high fertility a sensation of wetness/slipperiness and/or slippery, transparent, fluid or watery mucus, sometimes associated to blood trails/spotting. This day must also be preceded by an adequate increase in sensations and the appearance of mucus characteristics, and followed by an abrupt change.
Ovulation is expected approximately within two days of the peak, and this day may then be used as a reference to determine the end of the fertile phase. 14, 15 When no peak is detected in a cycle, it is not possible to judge whether or when ovulation occurred and, therefore, to identify a post-ovulatory infertile phase.
Study design and population
The study was planned as a prospective cohort study and was approved by the Institutional Review Board of the Fondazione Lanza (Padova, Italy). The study was co-ordinated in the Dipartimento di Scienze Statistiche of the University of Padova.
With the co-operation of four of the Italian centres providing services on the billings method, 193 women were recruited for this exercise in the years 1993-97. A few subjects were themselves teachers of the method. They had kept long series of their own past observations, going, in one case, as far back as 1976. As it satisfied all the criteria of the planned protocol, this little piece of information was also used in constructing the database.
Entry criteria for subjects were as follows: the woman was experienced in the use of the billings ovulation method, was married, or in a stable relationship, was between the ages of 18 and 40 at entry, had had at least one menses after cessation of breastfeeding or delivery (or miscarriage) and was not taking hormonal medication or drugs affecting fertility. Neither partner was permanently infertile, and both had to be free of any illness that might cause subfertility. Couples were strictly required not to have the habit of mixing unprotected with protected intercourse. Women were excluded if any one of these criteria was not fulfilled.
The participating centres and (in brackets) the local principal investigator (PI) were: Centro Lombardo Metodo Billings-CLOMB, Milan (Mrs Medua Boioni); Centro Piemontese Metodo Billings, CEPIMB, Saluzzo (Mrs Lorella Miretti, Italian Stateregistered nurse); Associazione Metodo Billings Emilia-Romagna, AMBER, Parma (Sister Erika Bucher, MD); Centro Studi e Ricerche Regolazione Naturale della Fertilità, Rome (Mrs Elena Giacchi, MD). Prof. Bernardo Colombo, Dipartimento di Scienze Statistiche, University of Padova, was the study co-ordinator.
Data collection and study factors
In view of the purposes of this exercise, selecting experienced users of the method and instructing them were the responsibilities of the local PI of each centre. As already noted, some of the participants were themselves teachers of the method. Written consent was required from the women selected for participation. Complete subject anonymity and confidentiality was ensured by identifying each subject only by means of a study identification number. Only the teacher maintained personal relationships with subjects: naturally, trust between the two was essential in order to obtain reliable information in such a sensitive area of sexual behaviour.
At entry into the study, the following information was collected: month and year of birth of the women and of their partner; number of previous pregnancies, if any; date of last delivery (or miscarriage) and end of breast feeding, if relevant; date of last contraceptive pill taken, if relevant; date of marriage; sex of any child born.
In each menstrual cycle, subjects were asked to record the days of their periods and of any disturbances (illness, stress, medical or gynecological treatment and so on) on a chart. They were also asked to observe and chart their CMS daily and to record every act of intercourse, specifying whether it was unprotected or protected (barrier methods, withdrawal and so on). Cycles, of subjects under observation, in which even a single act of protected intercourse or a simple genital contact occurred were excluded from the analysis. The importance of continuing to keep the record chart when subjects were trying to conceive was emphasized.
Charts were collected and reviewed in each centre. The recorded observations of the type of mucus symptom made by subjects were also codified in the centres, according to agreed common rules for scoring (Table 1) , under the responsibility of the PI, who also provided information on the BIP of the cycles. Identification of the peak mucus day, if any, was also made by the local PI. This peak day was taken as the mucus reference day and identified as day 0. Periodically, sets of charts were then sent to the co-ordination centre in Padova. Here, after careful checking and possible revisions, all the information received was stored in a computerized database.
A menstrual cycle was defined as the interval from the beginning of one period of vaginal bleeding until the commencement of the next, when day 1 was the first day of Wet, slippery sensation -5
Wet, slippery sensation Clear, stringy (or stretchy), fluid, watery mucus, blood trails a If, in the course of one day, there were differing observations of the mucus symptom, coding was determined by the mucus of the most fertile type.
fresh red bleeding, excluding any preceding day with spotting. A pregnancy was assumed if amenorrhoea continued for 60 days from the onset of the last menses and was verified by a positive pregnancy test or when, before that term, a miscarriage was clinically detected.
Statistical analysis
A window of potential fecundability (the fertile period) was first defined as a series of days relative to the mucus reference day (taken as a surrogate indicator of ovulation) so that a cycle without intercourse during these days never resulted in a pregnancy. As in the larger multisite study of Colombo and Masarotto, 16 an exploratory analysis was done, changing width and location of selected windows. It was thus found that no pregnancy occurred when no acts of intercourse were ascertained in a 12-day window (eight days before and three after the reference day). Estimates of the daily probability of conception were obtained by applying the model proposed by Schwartz et al. 2 In any study of the relationship between observed type of cervical mucus on a given day and the probability of conceiving from intercourse taking place on that day only, a major difficulty arises, owing to the large number of parameters which have to be estimated. Five mucus types over a 12-day window means many parameters, if we consider possible day-to-day interactions between the observed CMS and the distance from the reference day. In such a situation, reliable estimates could only have been obtained with a sample size much larger than that involved in this exercise.
In order to overcome this difficulty, two simplifying approaches were followed. In the first, the effect of different recorded mucus type on cycle fecundability was studied for days at a fixed distance from the reference day. In the second, it was assumed that there was a constant effect on daily fecundability of a given type of mucus throughout the fertile period. For each of these two approaches, alternative models were examined.
Inferences were made using the likelihood-based approach: 1) parameter estimates were obtained by maximum likelihood; 2) likelihood ratio tests were used to test the significance of selected covariates; 3) confidence intervals (CIs) were then computed for each parameter of interest, using the profile log-likelihood. 18, 19 Descriptive analysis was carried out using SAS (http://www.sas.com). R (http://www.R-project.org) was used to fit the Schwartz model to the data. Functions and scripts are available upon request from the authors.
Modelling the relationship between CMS and fecundability a)
Keeping fixed the distance from the mucus reference day: a.1) Let C j be 1 for a cycle j( j = 1, . . . , n; n is the total number of cycles) in which the average score of the mucus recorded over the five-day window (−4, 0) is ≥4 and 0 otherwise. We also defined a dichotomous outcome variable Y j = 1 if during a cycle, conception occurred and 0 otherwise. In order to allow for the possible effects of mucus type, the Schwartz model was adapted by means of a multiplicative factor β C j :
where k is the cycle-viability factor, as called by Schwartz et al., and
We may take log P j as an 'offset' in a generalized linear model with a log link and constrain the intercept to be 0. We can thus estimate β by using any appropriate standard statistical package for generalized linear models. The same approach was used by Weinberg and Zhou 19 in another context. We then obtain
a.2) Next, we take into consideration a specific day in the fertile window (eg, day −2, −3 or −4). Let C h be 1 for a cycle where the mucus score is h(h = 0, 2, 3, 4; h = 4 including mucus codes 4 and 5) and 0 otherwise. The dummy variable representing mucus code 1 is excluded, because it is the one chosen for comparison. The model becomes
where C hj is the dummy variable indicating mucus h on the day i of cycle j and (i) β h is the parameter measuring the efficacy of the presence of mucus of type h on a given day on the fecundability of that day. b) If we assume that the effect of daily cervical mucus type is fixed, we can study the effect on the probability of conception both of a specific mucus code or of the simple presence of this symptom.
b.1) We first model fertilization probability α i in the Schwartz model (assumed to be constant for every cycle and woman) in relation to each type of daily observed mucus. Let Mh be the dummy variable indicating mucus code h. Considering a specific day i within a cycle j, we assume a logit relation of the type:
where δ i is the effect on the probability of conception depending on the specific position of day i and β h (h = 0, 2, 3, 4; h = 4 including codes 4 and 5) is the effect on the probability of conception in the logit scale due to mucus type h. This effect means that the odds of fertilization probability on day i, when mucus coded h occurs, is increased by exp(β h ) with respect to the case in which no or a dry sensation is experienced and there is (practically) no mucus (code 1 in Table 1 ).
Relation (4) yields
where
The new model formulation for fecundability P j in cycle j is
where P f ,j is the probability of fertilization in cycle j of a fertilizable ovule. Parameters may be estimated by applying standard maximum likelihood procedures. b.2) Considering the effect of the presence of mucus on the daily probability of fertilization α i , we model it as
where δ i is the effect depending on the day-specific position, γ 0 the effect if there is no information about mucus (Section 3.1, par. 7) with M0 as its relative dummy variable and γ 1 the effect of the observed presence of mucus with M2345 as its relative dummy variable. As for b.1) above, also in this model mucus coded 1 is chosen as baseline and the parameters are interpreted with respect to this mucus level.
The new formulation plausibly leads to more significant results for the estimate of γ 1 (because of the increased number of cycles available), allowing other parameter estimates to be similar to those of the previous model. 
Overview of the sample
A summary of the relevant characteristics of the 193 couples participating in the exercise and of their 2755 cycles is given in Tables 2-5 . There were marked variations in the levels achieved by subjects among the four centres. The small sample size of two of the centres limited the ability to make comparisons between them. Consequently, most of our analyses concentrated on the whole aggregate.
Contacts with subjects were made in 1993-97, although the documentation collected for some of them [as clarified in Section 2.2] extended over a longer period of time. With these small groups of subjects, individual characteristics (eg, reproductive history) may have changed between successive exits and re-entries. Accordingly, their individual contribution to the overall data ( Table 2) pertain to the situation existing at each entry, that is, on re-entry, participants were classified as new subjects. A quite low percentage of dropouts (∼14%) was recorded. The average age of women ( Table 2 ) was just over 28 years (range: 27.3-31.8 years). Marked differences between centres were observed in the proportion of women of proven fertility, as measured by their having had at least one pregnancy in the past (range: 42.1-77.3%). Although the overall past use of hormonal contraception was relatively low at 16.1%, the centres fell into two groups of differences with this characteristic: <5% past use in one and >20% in the other.
There were many variations in the number of cycles contributed by the four centres, as shown in Table 3 . The proportion of cases in which the peak mucus day was not identified was remarkably high (∼17% on average). The difference observed between Rome and the other three centres was because Rome, during the first period of observation, preferred to record cycles with clear development of CMS type towards the peak day. Later, this bias in selection was abandoned. The percentage of cycles with missing identification of the peak day was much higher in the present study than that (∼6%) obtained in the European centres relying on the so-called sympto-thermal method of fertility regulation (see Table 3 in Colombo and Masarotto 16 ). The difference may be explained by the more stringent conditions posed in the Italian billings centres with regard to precise identification of the peak mucus day (Compare section 2.1 in this article with section 2.4 in Colombo and Masarotto. 16 These centres required, in order to identify the peak mucus day, an adequate development of the cms followed by an abrupt change.). Of further note, with reference to Table 3 , is the percentage (42.2%) of cycles with at least one coital act in the window of potential fertility (Section 2.4), which shows that, for most of the time, subjects must have acted as pregnancy avoiders. Observed miscarriages, included among clinically detected pregnancies, refer only, as already noted, to events happening during the first 60 days following the onset of menses.
The average duration of cycles without conception, 29.1 (±4.45) days (Table 4) , was similar to the 29.0 (±4.25) days observed in the previously reported study of seven European centres. 16 The average length of the post-ovulatory phase, that is number of days after mucus peak until the onset of the next menses, was the same in both studies, 12.7 days. In this respect, this consistency among centres (with averages ranging from 12.3 to 13.0 days) and the fact that it fits to that observed in the WHO study of the Billings ovulation method 20 reveal the reliability of the data collected. Table 5 presents the results of applying the coding procedure for mucus symptoms according to the classification of Table 1 . For normal menstrual cycles, data were taken from the end of menses to the completion of the cycle. For cycles in which conception occurred, observations were made to day 29. On average, specific coding was missing in just over three days per cycle. But, on a day following one on which intercourse occurred, any observation of the CMS was generally deliberately omitted, because of the risk of confusion deriving from the presence of residual seminal fluid in the vagina. This highlights the care taken by the women in recording the characteristics of sensation and appearance of mucus. Further specific processing restricted attention to cycles with identified peak mucus days and computed similar average numbers of days for each code, from the onset of menses until the peak day. Computations carried out separately for all cycles and for their subset with dry BIP reveal in the latter a slight increase in cases with code 1 versus the whole aggregate of all cycles and a decrease in those with codes 2 and 3 (data not shown).
Great variability in the use of the codes was observed among centres, mostly attributable to interobserver variation. This finding has already been reported and discussed. 21 However, as seen for each of the cells in Table 5 , this variability only partly explains the extremely high values of the standard deviations with respect to the average results. This reflects to what extent the recorded CMS characteristics are subject (and cycle) specific.
It would be of interest to repeat on this sample, with roughly twice as many women and three times as many cycles, and above all with a more complete information on the CMS, an analysis done on part of another database. 22 A Bayesian hierarchical model allowed to assess heterogeneity of the CMS among women and cycles of the same woman, which shows the importance of the woman-specific effect on the probability of detecting most fertile-type mucus on different days from one side and, on the other, of the stability in the cycles of the same woman. Perhaps, it might prove convenient to accomodate the model to a time-varying covariate such as reproductive history, which might change in a new entry of the woman. Table 6 reveals an aspect of sexual behaviour showing the relationship, for men and women separately, between age and frequency of acts of intercourse. The decline in frequency with age (both sexes) and, for women, the lower variability in conception cycles (coefficient of variation: 2.45/5.87 = 42 versus 58%) may be taken as proof of the reliability of the data collected. That might lead confidently to the evaluation of the changes with age of daily fecundability, keeping under control both behaviour and age of the partner, and perhaps also taking into account the time-varying reproductive history. 23 
Model-based estimates
As stated in Section (2.4), the estimates of daily probability of conception were obtained by applying a convenient model. For this purpose, we used the model of Schwartz et al. (Section 2.4) , which was also used, and for the same reasons, in the article by Colombo and Masarotto. 16 Table 7 presents findings from the subset of 963 cycles with identified peak mucus days and at least one act of intercourse in the (−8, 3) window. In this group, there are 142 conception cycles and 35 detected pregnancies pertain to the remaining cycles. The estimates are also presented graphically in Figure 1 . The pattern of daily probabilities in the 12-day window is similar to that found in the aggregate of all European centres of the quoted larger multisite study (see Table 9 , second section, of Colombo and Masarotto 16 ).
This pattern is highlighted from various points of view: the location and duration of the fertile period, the general shape of the pattern of estimates and the fact that the maximum level of conception probabilities was confined to the central five to six days of the window. There are also marked differences: the maximum value of the probability is found on day 0 instead of day −2; the sum for daily estimates is definitely higher (1.532 in this study and 1.028 in the seven European centres of the previous one, see Table 9 of Colombo and Masarotto 16 ), but the span of CIs, computed through the profile log likelihood at the 90% level, 18 is very wide for all parameters. In particular, on day 0, the relevant parameter is almost unidentifiable: the value of 0.429 falls in a CI (0.286, 1). These peculiarities and shortcomings are partly due to a weakness in the model, which is very sensitive to sample size and to the frequency of days with intercourse. 23 Figure 1 Daily fecundability around peak mucus reference day (various groups).
In addition, the results are partly influenced by the contribution to overall data from one of the four centres: Parma. Figure 1 clearly shows that the average level of fecundability and its distinct maximum on day 0 depend heavily on the Parma records. The likelihood ratio test shows that the difference between the results from Parma and the aggregate of those from the other three centres are statistically significant (P = 0.039). The Parma data appear to be responsible for the above quoted marked difference between the sum of the daily probabilities of conception and the whole fertile window found in the two exercises. We will come back to this point in Section 4. As regards irregularities in the distribution of the probability values, it is not necessary to emphasize that they may depend on the small size of the subsets.
Owing to these shortcomings, there is little point in presenting details of the results of further calculations of effects of some fixed covariates, considered only one by one in univariate analyses and without taking into account heterogeneity among units. However, in brief, we compared estimated probabilities between appropriate subsets of cycles. Applying the likelihood ratio test, statistical significance at the 90% level was obtained in the following instances: women aged up to the median of 28 years versus older women; cycles with dry BIP versus cycles with BIP of the unchanging mucus type; cycles with identified peak mucus day versus cycles without (here, day 14 was taken as a reference day). No significant differences were found in the sets of probabilities between women with and without previous pregnancies, nor between women with and without previous use of oral contraception.
Some of these results are at variance with those found by Colombo and Masarotto, 16 but the small size of the subsets (as low, in two instances, as only 18 and 24 conceptions), and the ascertained weakness of the model in such conditions, does not allow firm conclusions to be drawn on these differences.
Relationship between CMS and daily fecundability
In Section 2.4.1, four models were presented, offering simplified solutions to the problem of examining the relationship between observed type of mucus and fecundability. The results of their application to available data are given in the same order in which they were presented. Unless specified, the models are applied, as in Section 3.2, to the entire subset of 963 cycles with at least one coition in the window.
Model (a.1) was applied first, disregarding possible interferences of changes in concomitant covariates. The effect on the probability of conception due to an average mucus score of ≥4 over the five-day window (−4, 0), including all days with the highest probability of conception, is measured by parameter β = 1.348, and the relation is positive and statistically significant (P = 0.026).
With model (a.2), taking mucus with score 1 for comparison, particular attention was paid to day −2, −3 or −4. For each of these three days, all codes were represented, but often in <10% of the total in each subset. As an offset, we decided to adopt the pattern of daily conception probabilities around the mucus reference day from Table 9 of Colombo and Masarotto. 16 This choice was made despite partial discrepancies between the two studies, as we could rely on a known independent exercise and its data. The estimated values of the effects of the various types of mucus secretions on daily fecundability are listed in Table 8 , with their CIs, only for the relevant parameters β 2 , β 3 and β 4 . The large CIs reflect the small size of several subsets. The results are statistically significant, with two exceptions: on day −2 for mucus coded 3 and on day −4 for mucus coded 2. These findings may be taken as clearly indicating the impact that the presence of some types of mucus has on the level of daily fecundability. However, comparison of the estimated effects of the various types reveals some puzzling features. On days −2 and −3, mucus coded 2 had a higher effect than mucus coded 4 and mucus coded 3 had the lowest. The reverse was seen on day −4. The span of the CIs and their overlaps give rise to uncertainty in interpreting these results and lead us to the cautious conclusion that perhaps the quality of the mucus ascertained on a specific day is an insufficient predictor of the probability of conception from intercourse on that day. Moving now to models assuming fixed effects of daily CMS type, we applied model (b.1). Also in this case, no account of possible influences of concomitant changes in covariates was taken.
Relation (5) gives the daily probability of fertilization as a function of the presence of mucus coded h on day i: the constant effect (in the logit scale) for each α i enters in a non-linear manner, leading to an effect of the occurrence of a definite mucus type varying day by day. The conception probability estimates are also shown in Figure 2 , which unequivocally demonstrates the importance for daily fecundability of the presence of identifiable mucus (and/or sensation) throughout the fertile period. These surprising results are confirmed by the figures in the last column of Table 9 , showing the increase in the odds of fecundability on day i when mucus h is present, compared with the situations of no/dry sensation and of no mucus or discharge/insubstantial discharge. Unexpectedly, the stronger effect is associated with a sensation of damp and/or thick, sticky mucus (code 3) but not with wet, slippery sensation and/or clear, stringy (or stretchy), fluid, watery mucus (codes 4 and 5). Large and overlapping CIs do not allow precise detection of the effects of different CMS types, but the estimates of all three parameters β 2 , β 3 and β 4 , neglecting β 0 as irrelevant, are statistically significant.
In Table 9 , note that practically over the entire window, the values of δ i (the estimate linked to day-specific position relative to mucus code 1) lead to non-null probabilities, with an extremely large 90% CI on days −8 and 0. The value of k is almost unidentified, with consequences on the reliability of the estimates of daily fecundability.
Model (b.2) should lead to more meaningful results through the estimate of γ 1 , owing to the higher number of available cycles. The evaluated estimate γ 1 = 1.804 (CI: 0.850, 2.959) is statistically highly significant (P = 0.001), with a substantial derived effect (= 6.076) on the odds of fertilization, whereas γ 0 = 1.680 (CI: −1.026, 3.566), with effect 5.364, is not, owing to its large variability. But, once again, the computed estimate of k (0.469; CI: 0.377, 1) does not allow very firm conclusions to be drawn.
A similar analysis, limited to the 703 cycles with dry BIP, provided a quite precise estimate of k (0.441; CI: 0.369, 0.517). The other parameters yielded γ 0 = 1.792 (CI: −0.769, 3.904) and γ 1 = 2.021 (CI: 0.913, 3.326), with corresponding effects 6.000 and 7.544. The importance of some mucus signs with more than a seven-fold increase in the odds of fertilization is clear. The effect of cases with no information also turned out to be important, but we know that code 0 is not informative. In fact, only the estimate of γ 1 is statistically highly significant (P = 0.002), whereas that of γ 0 is not, owing to the large variability. Lastly, we compared the fecundability estimates obtained by applying the plain Schwartz model (Section 2.4) with those computed using the parameters of model (b.1). In the latter, each daily figure is a weighted average of estimated probabilities for each code h, using as weights the relative frequency of the specific types of mucus observed day by day. The daily probability of fertilization becomes
where w hi = f hi / 4
h=0 f hi and f hi are the number of cycles which show mucus h on day i. Figure 3 shows the patterns over the whole window of daily fecundability, computed considering weighted measures from model (b.1) and from the Schwartz model separately. The agreement between the two is substantial.
Discussion
A line already followed in the presentation of another database constructed in Padova 16 has also been adopted in this paper. That is, the paper is meant as a reference for details on the study design when making applications which take advantage of the base for specific research purposes. Both exercises have been made under the same protocol: this allows the comparison of results obtained in the two analyses and to conveniently aggregate the two bases in view of chosen targets.
A debatable point is the choice of the model of Schwartz et al. Certainly, that model rests on simplistic assumptions, the least realistic one being the presumed constancy of daily fecundability over all cycles of all women, once the distance from the conventional indicator of ovulation is given. 6 Experience derived from many subsets of databases of this kind has also shown that the Schwartz model is very sensitive to sample size and frequency of intercourse in the fertile window. 23 Although several analyses in this study are limited to small samples and to a selected population with a high percentage of so-called 'avoiders', in spite of these shortcomings, the model does provide pretty good information on patterns of daily fecundability. Proof of this statement is also offered by the results of direct adjusted estimates (data not shown) obtained as in Colombo and Masarotto 16 (Section 3.2 and Table 8 ), but in a narrower window (−5, 1).
We emphasize three important points of agreement with the results obtained by Colombo and Masarotto 16 with the same marker. These are the span of the fertile window around the mucus reference day, the higher level of fecundability concentrated over a short central interval and its decline on both sides towards the outer limits (Figure 1 ) and the average length of the post-ovulatory phase of non-conception cycles (Table 4) . Differences, instead, can be seen in the maximum value of fecundability observed on the peak symptom day, and especially in the higher sum of daily fecundability estimates determined by us (Section 3.2). These last two features depend heavily on the records from the Parma centre, which provided about half the total number of pregnancies. A thorough analysis of these records and, separately, of those from the other three centres allowed us to clarify one point. During the first period of data collection, to approximately mid-1995, Parma must have made a selection of subjects based both on current observations and on past records. More precisely, special attention was paid to women with past and recent pregnancies or to those who wished to become pregnant.
These differences, as that in the percentage of cycles with unidentified peak mucus day (Section 3.1), mean that for certain applications, it might be advisable to make convenient selections among the collected data. For others, including obviously the specific object of this paper, the whole set of data may prove useful. One final point must be emphasized in order to reach a clearer understanding of the present results and of possible limitations in applications through processing of this database. Interobserver variation in describing the various characteristics of observed mucus secretions using the coding system (Table 1 ) must be emphasized. An ad hoc exercise performed with the collaboration of the same four centres showed that small differences in interpretation, and sometimes even in determining the peak mucus day, cannot be discarded as irrelevant. 21 In the present study, the four centres worked independently in coding locally collected charts. This circumstance, the fact that each centre coded its own charts, ensured more correct evaluation of the records through the advantage of more information on subjects not available to outsiders. Nevertheless, it is reasonable to presume that it would also have been appropriate to rely on coding done uniformly on the whole set of charts by a single experienced investigator. This approach was adopted in the multicentre study to determine the BBT shift.
Concerning the relationship between expressions of the mucus symptom and conception probabilities, the limitations of our model must be taken into account. They shroud some of the conclusions in uncertainty. It should also be noted that mucus codes 4 and 5 were aggregated in the various instances. Unlike the numerical coding of the mentioned multicentre study, in our case, the PIs decided to emphasize an added feature of the mucus symptom (code 4 in Table 1 ). This feature was only found in ∼40% of the cycles, for a much lower number of days, on average, than other code numbers, and it is barely distinguishable from the features of the next higher code, that is, 5.
All four applied models emphasize the association between presence of the mucus symptom and openness to conception. So clearly does Figure 2 , derived from model (b.1) and providing further interesting information. The results of applying models (a.1) and (b.2) leave little doubt about this association (Section 3.3). A parallel analytical computation (data not shown) reveals that the increase in fecundability level, in the presence of mucus, unlike the situations of no sensation and no mucus, is relatively higher at the outer extremes of the curve. It seems that, even far from impending ovulation, the occurrence of some type of mucus is particularly favourable to conception. Figure 2 also indicates that the ascending pattern (until the indirect marker of ovulation) of dayspecific probabilities of conception occurring when mucus is absent (code 1) may be linked to the survival of spermatozoa. It may thus be possible to derive a rough estimate of their average life span. In contrast, the type of decline in probability following the reference day may be imputed to errors made in determining the day of ovulation through the surrogate marker.
Several examples of research on substantive problems could be done using this base or the union of this with the other mentioned base: for instance, the study of the impact of internal or external factor on biorhythms or the consistency of behaviour of the subjects participating to the exercise. But, we prefer to underline some challenging methodological problems facing a better exploitation of this type of data. The structure of the base is complex, hierarchical and multilevel, with days, cycles, women and centres. At each level, the effect of specific covariates may be relevant, as their possible interactions, for instance, between quality of the mucus symptom and age of the woman. At the same time, there might be unobservable heterogeneity between observed units. The base is composed of 242 segments of consecutive cycles, little less than 10 on the average, but with a large variability (from 1 to a maximum of 77). Some of these segments pertain to a same woman who re-entered to participate in the exercise. There appears to exist a possible cycle-dependency effect, of which a model should take account. 11 In each cycle, the daily coded CMS generates an ordered categorical time series, which has a varying length depending on the length of the cycle. The ordered categorical 'curve' tends to have a characteristic hill shape, with a mucus peak occurring close to ovulation. However, women and cycles may vary in the timing of the different reference points. Previous articles have focused on modelling of the mucus data 24 and day-specific conception probabilities relative to an estimate of the ovulation day (see Dunson and Stanford, 11 and references therein). However, it is appealing to consider methods that model the variability across the cycle. Some interesting questions include: 1) Can we develop methods for automatically classifying cycles based on the mucus data into groups, with the latent class membership potentially dependent on covariates (age, reproductive history, environmental exposures)? 2) Can we use mucus data for diagnostic purposes to identify women that may have hormonally irregular cycles and may be at risk for infertility? 3) How can we do a better job at characterizing heterogeneity among women and cycles? (Current methods based on heterogeneity in a cycle-viability factor fail to capture the rich dependency between hormone data across the cycle and day-specific conception probabilities.)
Innovative methods are needed to address (1-3).
Grouping women according to some homogeneity in the pattern of CMS recorded in their cycles would be of help in advancing predictions on characteristics of their future cycles. A further step would be to find an algorithm that could predict, for instance, the timing of the most fertile phase of the next cycle drawing appropriate information from previous cycles. The approach of a Bayesian prediction using the Kalman filter 25 that sequentially relies, with increasing precision, on observations made on two, three and so on preceding cycles could prove interesting.
